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kｅ ｙ q,×103[kg･m-3l 
○○□□ ３６ ●● ９８ ４９ １５ ｆ０ ５５ １２ 
HqO4-o● ●□１０９Ｋ＝０．３８１０９Ｋ＝６.Ｉ４ Ｈ２ＣＩＯ４言一ＨＣｒＯ４－－ＣｒＯ４２－



























































































































































０ Rz:regressioncoefficient ２８０２９０３００３１０３２０３３０３４０３５０ 
７[K］ 
FigBTheeffectoftemperatureonthepseudo-secondor-
derrateconｓｔａｎｔａｎｄｔｈｅｅｑｕｉｌｉｂｒｉｕｍａｍｏｕｎｔ 
ａｄsorbed(Cb＝98.9×10-3kg､-3,Ｗ§＝Ｏ１ｋｇｍ－３ 
ａｎｄｐＨ＝２．００） 
ｏｆthem,separatelyTheeffectoffOreignionsonthe 
rateconstantwasinvestigatedbyperformingbatch 
experimentsatZ98K，ｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆｌＯ×ｌ０－３ 
ｋｇｍ－３ｏｆＡｓ(111）ａｓＨ２ＡｓＯ４－ｗｉｔｈ２５×10-3ｋｇｍ－３ｏｆ 
Ｃｒ(ＶI）ａｎｄ0.1ｋｇｍ－３ｏｆＵＢＴＬｓａｔｐＨ＝2.00.A 
similarexperimentwascarriedouｔｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆ 
ｌＯ×１０-3kgm-3Cd(11)insteadofAs(Ⅲ).Thevalues 
ofthepseudo-secondorderrateconstantandtheequi-
libriumamountadsorbedofCr(ＶI)arelistedinTnble 
2・Theadsorptionrateconstantsforthepresenceof
fOreignionsaresmallerthanthatfOrtheirabsenceThe 
rateconstantissignificantlyaffeｃｔｅｄｂｙＣｄ(11)com-
paredwithAs(Ⅲ),becauseoftheinteractionofCd2＋ 
withthenegativespeciesofCr(ＶI),HCrO4-0nthe 
otherhand，theequilibriumamountadsorbedinｔｈｅ 
ａｂｓｅｎｔｃａｓｅｉｓａｌｍｏｓｔｔｈｅｓａｍｅｖａlueasthatfOrthe 
presenceofCd(Ⅱ)andislargerthanthatfOrthepres-
enceofAs(Ⅲ).ForthecoexistenceofAs(111),H2AsO4-
mightbeeasilyadsorbedontheprotonatedUBTLs， 
andresultantlytheactivesitesforCr(Ⅵ)decreased 
Thusthepresenceofanionscausestheadsorptionca‐ 
pacityoftheUBTLsfOrCr(Ⅵ）ａｔｔｈｅｌｏｗｐＨｔｏｄｅ‐ 
ｃｒｅａｓｅ． 
observedthatatpH≦1.30,thereductionofCr(ＶI)ｔｏ 
Ｃｒ(111)becomespredominantTherefOre,ｔｈｅｖａｌｕｅｏｆ 
Ａａｎｄ９ｅａｔｐＨ＝LOandL3areapparentvaluesbased 
oｎｔｈｅｄｏｓｅｏｆｔｈｅＵＢＴＬｓＪｔｉｓｍｅａｎｉｎｇｌesstodiscuss 
thechangingtendencyofthesevaluesinthesameway 
tothａｔｏｆｔｈｅｖａｌｕｅｓｉｎｔｈｅｐＨｒａｎｇｅｏｆｌ､５４ｔｏ２､００． 
Thus，ｔｈｅＵＢＴＬｓｉｓａｐｐｌｉｃａｂｌｅｆｏｒｔｈｅｔｒｅａｔｍｅｎｔｏｆ 
Ｃｒ(ＶI)attheinitialpH＞1.54. 
2.4Effectoftemperature 
Theeffectoftheprocessingtemperatureonthe 
rateconstantisimportanttodeterminethethermody-
namicparameterstopredicttheadsorptionbehavior・
Batchexperimentswerecarriedoutatdifferenttem-
peraturesspｅｃｉｆｉｅｄｉｎｔｈｅｒａｎｇｅｏｆ２８３ｔｏ３３８Ｋｗｉtha 
constantconcentrationofCr(ＶI)，0.1ｋｇ･m-3，ｔｈｅ 
ａｍｏｕｎｔｏｆｔｈｅＵＢＴＬｓ,０．１ｋｇ･m-3,ａｎｄｐＨ＝200.Fig‐ 
ure8shownthattheobtainedrateconstantincreases 
almostlinearlywithanincreaseintemperature，and 
theequilibriumamountadsorbedalsoincreaseswith 
theincreaseintemperatureTheseexperimentalfacts 
suggestthattheadsorptionprocessiscontrolledby 
chemicalreaction，ｗｈｉｃｈｉｓｇｅｎｅｒａｌｆＯｒｍｏｓｔｏｆｔｈｅ 
ｃｈｅｍicallycontrolledadsorptionprocessesTheacti-
vationenergyofaｄｓｏｒｐｔｉｏｎｃａｌｃｕｌａｔｅｄｆｒｏｍｔｈｅ 
Ａｒｒｈenius，ｐｌｏｔｏｆｔｈｅｄａｔａｉｓｌ６３ｋＪ･mol-1suggesting 
theendothermicnatureofthisadsorption､Thissmall 
valueofactivationenergysuggeststhattheadsorption 
easilyoccurs、
2.5EfTEctofthepresenceoffDreignanionsandcati･ 
ｏｎs 
Eitherpositiveornegativeions，ｏｒｂｏｔｈｏｆｔｈｅｍ 
ｃｏｍｍｏｎｌｙｅｘｉｓｔｉｎｔｈｅrealwastewater、Generally，
Cd(IDisfOundinsomeindustrialwastewatersandre‐ 
centlyAs(Ⅲ）ｉｓｆＯｕｎｄｉｎｔhegroundwaterofsome 
developingcountriesTherefOre，weseIectthesetwo 
ionstoevaluatetheeffectofpositiveandnegativeions 
onthepotentialofUBTLstoadsorbCr(Ⅵ),andthe 
sorptionexperimentswerecarriedoutinthepresence 
Conclusions 
TheadsorptionofCr(VDontheusedblacktea 
leavesfollowingthepseudo-secondorderkineticsis 
betterthanthepseudo-firstorderone・Theratecon-
stantoftheadsorptionincreaseswithdecreasingthe 
initialconcentrationofCr(Ⅵ).ThesolutionpHalso 
hasasignificanteffectontheadsorptionrate,andthe 
maximumrateconstantisobservedatthesolutionpH 
ofL30Therateconstantincreaseslinearlywitｈａｎ 
ｉｎｃｒｅａｓｅｉｎｔｅｍｐｅｒａｔｕｒｅ，ｓｕｇｇｅｓｔｉｎｇｔｈａｔｔｈｅ 
ｅｎｄｏｔｈｅｒｍｉｃｐｒocess､ForthepresenceofAs(IDani-
onsandCd(11)cations,therateconstantdecreasescom-
paredwiththecasewherethey，reabsent,andthepres-
enceofanionsbringsaboutadecreaseintheequilib-
riumamountofadsorbedCr(ＶI)．Theequilibrium 
amountadsorbedincreaseswithanincreaseinprocess-
ingtemperature、TheArrhenius，plotoftheratecon-
stantsgivesasmallvalueofactivationenergy,indi‐ 
catingthatCr(Ⅵ）iseasilyadsorbedontheUBTLs 
４０７ ＶＯＬ､３８Ｎ０．６２００５ 
Thepresentstudyshowsthefeasibilityofthepracti-
caluseofwasteblacktealeavesasalowcostadsorb-
entfortheremovalofCr(ＶI)fromaqueoussystems． 
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Nomenclature 
C。 ＝ 
ｃ，＝ 
Ｃ,、 ＝ 
Ｋ 
ｋ＝ 
Ahd ＝ 
initialconcentrationofCr(Ⅵ）［kgm-3］ 
concentrationofCr(ＶＤａｔｔｉｍｅｊ ［kgm-3］ 
concentrationofCr(Ⅲ)ａｔｔｉｍｅｌ ［kgm-3］ 
equiIibriumconstant ［－］ 
pseudo-secondorderrateconstant［m3kg-l･d-l］ 
pseudo-firstorderrateconstantofadsorption 
［d-1 
firstorderrateconstant ［d-1 
zeropointchargepH ［－］ 
amountofCr(VDadsorbedatequilibriumtimeper 
unitmassofUBTLs ［kgkg-I］ 
amountofCr(Ⅵ)adsorbedattime/ｐｅｒｕｎｉｔｍａｓｓ 
ｏｆＵＢＴＬｓ ［kgkg-l］ 
temperature ［Ｋ］ 
ｔｉｍｅ ［｡］ 
doseofadsorbent ［kgm-3］ 
k’ 
pHzpc 
9e 
２
丁
１
Ｗ
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